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30 ~ peripheral devices do not include any carbonated portions of the semiconductive substrate.

According to another aspect of the invention, a memory device forming method includes
providing a semiconductive substrate, forming carbonated portions of the semiconductive substrate that
contain SiC, forming an array of memory cells over the substrate, and forming peripheral devices
including memory cell addressing circuitry and memory cell read circuitry over the substrate. At least

35  some of the individual memory cells include the carbonated portions. At least some of the peripheral
devices do not include the carbonated portions.

In further aspect of the invention, a transistor includes a semiconductive substrate, a first
source/drain, a second source/drain, a channel including a carbonated portion of the semiconductive
substrate that contains SiC between the first and second sources/drains and a gate operationally

40 associated with opposing sides of the channel.
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Fig. 12 is a partial, sectional view of a transistor containing SiC according to still another aspect
of the invention.
Fig. 13 is a diagrammatic view of a computer illustrating an exemplary application of the present
30 invention. '
Fig. 14 is a block diagram showing particular features of the motherboard of the Fig. 13
computer.
Fig. 15 is a high level block diagram of an electronic system according to an exemplary aspect
of the present invention.
35 Fig. 16 is a simplified block diagram of an exemplary memory device according to an aspect of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Silicon carbide (SiC) constitutes one promising material for performance improvements in
40 transistors and memory devices. SiC, depending upon its particular form, exhibits a band gap greater
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made incorporating SiC as substrate materials in memory devices and other devices at least due to the
lack of availability of SiC substrates (at least partly due to high cost of fabrication), unacceptable defect
densities, and poor carrier mobility.

30 Within the memory array region of a memory device, poor carrier mobility is of lesser
consequence in comparison to the peripheral device region. That is, a dominating factor within the
memory array region is leakage current (especially at junctions) and, to a lesser extent, device speed.
On the contrary, in the peripheral device region, a predominant factor is device speed and, to a lesser
extent, leakage current. In the memory array region, leakage current at least partly determines the time
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advantages described herein may be achieved. Recent conventional advancements in SiC epitaxial
growth present a promising methodology for incorporating SiC into semiconductive substrates. lon
implanting and/or gas diffusing of carbon into a semiconductive substrate, as well as other known
methods, present alternatives for incorporating SiC into semiconductive substrates.
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shown i n Witigany®ortion of SiC layer 8 from over isolation 12 and peripheral device region 18 provides the

construction shown in Fig. 3.

35 As an alternative method, forming the carbonated portions may include forming a SiC layer in

contact with a memory array region and a peripheral device region of the semiconductive substrate,

removing the SiC layer from over the peripheral device region, and leaving the SiC layer on at leasta

portion of the memory array region. Fig. 4 shows a partial sectional view of substrate 10 in Fig. 1 with

SiC layer 8 formed over memory array region 16 as well as peripheral device region 18. SiC layer 8 is

40 not shown formed over isolation 12, however, it may be formed thereon depending upon the particular
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be 35  may include a lateral transistor with some portion of each of the first source/drain, the second

source/drain, the gate, and a current path through the channei sharing one common elevational level.
The transistor may further include a gate dielectric between the gate and the channel. The SiC
of the channel may be located within a channel periphery proximate an interface with the gate dielectric
and not be located within a channel core at least partly surrounded by the SiC. The channel core may
40  extend from the first source/drain to the second source/drain. “The SiC may have a thickness of from
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exanples of transistors wth gates on opposing sides of their channel.
Accordingly, the transistor of the present aspect of the invention many
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either end of channel 48 near source 42 or drain 46 may be within depletion regions. However, the bulk

of peripheral SiC material 50 extending along the length of channel 48 between source 42 and drain 46

is advantageously not within depletion regions. Accordingly, the advantages of a SiC-containing

channel may still be provided by the coﬁﬁguration shown in Figs. 6 and 7 even in the circumstance when
40 incorporating SiC produces defects at the SiC/Si interface.
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t hi ckness of fomadeérage dbOrecessat) gaté devid isAinay & birovides. a longer gate length for a given

35 feature area. A typical planar gate within the same feature area may have a much shorter gate length.
Conventionally, transistors are often formed with the gate dielectric on a monocrystalline silicon surface
exhibiting a <100> crystallographic orientation. As known to those of ordinary skill, forming the gate
dielectric on the <100> silicon reduces the interface charge density of the transistor. With a recessed
gate, only a small portion of the recess walls that happen to be parallel with the <100> plane will posses

40 a<100> orientation. Instead the recess walls may be <110> and other orientations depending upon
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Fig. 12 shows a transistor 120 that may be included within a nmenory cell.
Transistor 120 includes a SIC |ayer 130 as a part of a sem conductor
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35  aspects of the invention described above. Memory device 408 can comprise an array of memory cells,
and such array can be coupled with addressing circuitry for accessing individual memory cells in the
array. Further, the memory cell array can be coupled to a read circuit for reading data from the memory
cells. The addressing and read circuitry can be utilized for conveying information between memory
device 408 and processor 406. Such is illustrated in the block diagram of the motherboard 404 shown in
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Applications for nenory cells can include electronic systens for use in
menory nodul es, device drivers, power nodul es, comuni cati on nodens,
processor nodul es, and application-specific nodules, and may incl ude
mul tilayer, nmultichip nodules. Such circuitry can further be a subconponent
of a variety of electronic systens, such as a clock, a television, a cel
phone, a personal conputer, an 20 autonobile, an industrial control system
an aircraft, and others. In conpliance with the statute, the,invention has
been desg F PQ in Ianguage nore or less specific as to structural and
met hodi cal teatures. is to be understood, however, that the invention is
not Ilnu f o the speC|f|c f eat ures shown and descrlbed si nce the neans

i SC

her ei n osed conprlse preferred fornms of putting the invention into

effect. The invent k i its 25 fornms or

nodi ficati ons::\g\,& Ah Hgﬁaﬁcg%ﬁmn%)ﬁaﬁgda%p@%eﬁ{ | ai ns appropriately
|nterpreted| AE e\é’pei/nf Bnn t hod

conpri sug\g g 'ﬁgi 8[] q \)’é d;?ogferréf’é f ?é)' 3 %‘ge ayer in
contact RFHRhEr G vi ce region of the
Ser conduct \f@“%%\ﬂﬁﬂr n@ o pestod él? K reaoheNoner i
devi ce rlegving e S 'Ce'é\Yien n ﬁé'eﬁ F'OBrPfaF €| mesmory Efﬁaﬁf i &9ieR, Bhe nenory
array regnoaindgr ofdive Hifedayer fweﬂsgc;:ar@matedrnﬁrw@n@w theat ed portions of

the sensemimhrciuctivessbbstirate thabcootainHif;Si C; fornming an array of nenory
cel | s over tHermirgtanaarayadf nesasorysoetts avertthe sutitvatdyadt leasbspmeebf s
i ncl udi nghet MG widuad ned 8@ rp el istingiuding ther ca o Eredphetdinsdemides incl udi ng
nmemory cel | &dﬁm%ipfwlﬁdr@llﬂdbwce@mbmﬂ bhedtbty Eefchdd ie®gind tireudtfy t he
gg?;g ' gté’gid %er;;n%fr‘ e‘-’rltg)l@a_githr‘g%ﬁry R&ch RRET béiﬁé’tbcd%% |§9§t0 ﬁgfdé; nggethe

I si
conducti neﬁcé:lodpllcar%vlc ﬁen cgpbona!tqumportr:ygnmsa egLH‘I[hgnr?et hod of claim1l
wherein form gt | IR i
sem condgyat Ly, hﬁ@g‘%qth of Ee nre;I ﬁgﬁhe?cgrﬁﬁhé g?%?ﬁwgﬁa%%ﬁe Si C
| ayer corrprl ses |on I rrp‘ anting and/ or gas di ffu5| ng carbon into the

seri conduct i ve  Sufs n?t%fﬁadSErg ol B IS lod fBFhee™e

comnmponen f dach ncludes ‘one
%lf-? ﬁ%H'C&“ cHngW# i“%té?L n none of the peri pher al

car bonat 88|’tta|xbﬂ§r°6”t
devices inclpde of he CEI onai 2 or.t |fonsI T ) d_of C|| aim1l
wherein the s ? 3 Pbsid 3t rﬁwl rh%h%% ylel N BPI'PEBN.
ion implanting and/or gas diffusing carbon | he semi uctlve
substrate.
5. The method of claim 1 wherein at least one component of each

of the individual memory cells includes one of the carbonated portions.

6. The method of claim 1 wherein none of the peripheral devices
include one of the carbonated portions.

7. The method of claim 1 wherein the semiconductive substrate
comprises monocrystalline silicon.

8. The method of claim 1 wherein the semiconductive substrate
comprises epitaxial silicon.

9. The method of claim 1 wherein forming at least some of the
individual memory cells comprises forming a planar SiC layer in the
semiconductive substrate and a transistor that includes the SiC layer in a
first source/drain, a second source/drain, and a channel between the first
and second sources/drains.
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8. The method of claim1l wherein the sem conductive substrate conprises
epitaxial silicon. 9. The nethod of claim1l wherein formng at |east sone of
the individual nmenory cells conprises formng a planar SiC layer in the
sem conductive substrate and a transistor that includes the SiC layer in a
first source/drain, a second source/drain, and a channel between the first
and second sources/drains 13 10. The nethod of claim1 wherein formng at

| east some of 6he wx\ﬁ gy{l %?IEQE B%@Prfrtﬁgmstor to
&S

el e, i wgru;za;%g?;c P e

and secon sources/dralns
and a gate op

%éepg,n OCI at ed with opposing sides of the channel. 11.
A nmenory deV| npri si n v m.conduct i
Substrate: ”(%r‘%%‘ﬁ%'tr\éﬂg mﬂq  otiae GArbRRaladPEinans Bawesmb e HI¥ « hat
cont ai n sn(tser RUEGE HAFaipsoRNeke rmr cells over the substrate, at |east
sone of the amtelmatlmawyasmmgte Withippgosig sidesonhthe gh@niedns and
formation of such individual nmenmory cells including formng a vertical
transi stor tollinohmaemodyidevce Jounbrg methed eom@cishag sour ce/ drain; a
channel cont apravigingna sefmidod dumtivensaw lestrate;t i ons between the fi rst and
second sour celrehiagrcarboniatédearhiansadf hlecyamicorad i gtivd aubstiate that st
sour ce/ deanhtaiargig;he second source/drain el evationally above the channel;
and a gate Opgjratihg bYraa,sépmahatﬂyWetua ARROHNgubs e te Oat IRt somergl ; and
g:rgnrggcﬂ?ihwl@acﬁjal%é FQIG&H{H%? Xg%r‘lat@ﬁﬂb@tﬁé%ﬁ’egaﬁbrﬁ#h{dtyon and
8 et dRh&G?'l' ﬁ]éﬁ\B?é\?Eel qgécar b%ﬁa’terg or‘f‘?ﬁlnsawr%sqgrth met hod of

peri pher Yl ces no

claim 10 vﬁner ein f the /§¥5n5| stor conprises formng a |ateral
transistor with so '%Qg? Hoe ach of the first source/drain, the second
source/drain, the gn%‘)lércc,eu t hr ough tcre chann shari ng one
conmon el evat i onal @[S \?é‘lne font %ngré)c’}?gﬂ egpélpﬁp HPW%PSE)&%

formning Ehefife and second sources/drains with the channel elevationally above the
first source/drain and the second source/drain elevationally above the
channel; and
a gate operationally associated with opposing sides of the
channel; and
forming peripheral devices including memory cell addressing circuitry
and memory cell read circuitry over the substrate, at least some of the
peripheral devices not including the carbonated portions.

12. The method of claim 10 wherein forming the transistor
comprises forming a lateral transistor with some portion of each of the first
source/drain, the second source/drain, the gate, and a current path through
the channel sharing one common elevational level.

13. The method of claim 10 further comprising forming a gate
dielectric between the gate and the channel, the SiC of the channel being
located within a channel periphery proximate an interface with the gate
dielectric and not being located within a channel core at least partly
surrounded by the SiC, the channel core extending from the first
source/drain to the second source/drain.
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dielectric between the gate and the channel, the Si C of the channel being

| ocated within a channel periphery proximte an interface with the gate

di el ectric and not being |ocated within a channel core at |east partly
surrounded by the Si C, the channel core extending fromthe first
source/drain to the second source/drain. 14 14. A nenory device form ng

nmet hod conpri si ng: providing a sem conductive substrate; form ng carbonated

portions of t g seAnnq&Q,gl,l é@céqg%; éth%ﬁ C&,Qilatri%l SiC, formng an array

of menory cel he i ndivi dual nenory

S" Wi
cell's includi 1.0 n vi dual
menory ceII PE@H@ ﬁ%ﬁ%ﬁéﬁg(ﬁ??bgn@s@%o %@&}Wﬁ&f ‘Q’ngﬁ%g? tﬂg{
sour ce/ dfg econd sourc [drain; ate r cessed | to t he sem conductive
R S T gt o S ¥ Hibsrele a%td'eésiﬁgﬁ‘h%l
cont ai ni Hif Bilivisiual e marysallsingedngiie caponateshaeitions agd raetign n
opposi ngokpHeR 'Bdl\’tl%@aba‘t%noé)héeﬂér*ﬁﬂh@”b@lfpﬁﬁ%? td@%'@é@r fnincledgg nenory
cel | addressing cia iust squrcaddraiwiory cell read circuitry over the
substrate, at | easa secondosourtoe/daEni pheral devices not including the
car bonat ed porti ons gaté.retbesedtihtltiod semicondustieeesubdtoate bgtvaeeh ¢het sone
of the 'ﬂnﬁia/ﬁdjlgeboﬁargmyrdégl/dj,samgfrahases formng a first transistor
source/ drain regi of chlnhd® coMhHIR leé ¥ethseasboAhRid peFiibAg a second
transi St%e?%ﬁéﬁ;%%bac aacw.thrb %rg.aee%%bvga teSUfiRjrate; formng a
transistor ‘c .c& b @m ‘Pf%’élltgedrééglﬁa apdigeond
SO“rce’déﬂH'}néﬁ%rg eII dc‘?fc%g .50 F kAR JIP4E 14i6h s?%o s
'

" agi on, PREPOEIFLEEVIESRSTo! M d‘f%&cocdaégp‘)ﬂ%a%%ﬁﬁﬁ i onsf‘{cfﬁ’gf'rng' one
ere the

of the carbon ortio 1 od o o)
stor age’ o o et Hon mefing St 1 RhRReResfi oAt BAST SREN PhAneG 1 o
formed tH al meawryce B?rﬁnz%li?t *200 to about 500 Angstronms and if the
digit node | uﬂ%m'BE a fipsiolrangistoh souEs Y hatretegignt inothe %%C‘?%@U@ﬁ"tel S
f or med tﬁuﬁstfﬁt%kness of fromabout 50 to about 150 Angstroms. 15

forming a second transistor source/drain region in the semiconductive

substrate;

forming a transistor channel that does not contain SiC between the
first and second source/drain regions; and

forming a storage node junction on the first source/drain region and a
digit node junction on the second source/drain region, the storage node
junction and/or digit node junction including one of the carbonated portions.

16. The method of claim 15 wherein if the storage node junction
comprises the carbonated portion, then the SiC is formed to a thickness of
from about 200 to about 500 Angstroms and if the digit node junction
comprises the carbonated portion, then the SiC is formed to a thickness of
from about 50 to about 150 Angstroms.
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17. A menory device form ng method conprising: providing a sem conductive
substrate; form ng carbonated portions of the sem conductive substrate that
contain SiC, formng an array of nmenory cells over the substrate, at |east
sone of the individual nenory cells including the carbonated portions and
being fornmed by: formng a first transistor source/drain region in the

sem conducti ve substrate; form ng a second transi stor source/drain region in

the sem condJru/:tlv,@n? %tr %Ie(?ncé? FFh ﬂ?éthga% r”s?rﬂ&nnel t hat does not

contain Si C betwe qQurce/draim regions; and formng

a storage no rovuﬁ&gl % |cog Ir?t % I'drain, r 0 d.a.digit node
function on RS %%mﬁeeai%%w lips ignsrsemie uisiie Supdlies shafi on
and/ or d?%lli.a”ﬂl&i unction including one of the carbonated portions and
bei ng for ned f@ﬁmé@g @k PE1aYsPf MIRobY celle quesgae: suestsala. &l lgast somedifon,
the epitthe idividuat one BairiFedlseinaluding the adtienated eodinms andreingr ni ng
peri pher&rmibyes i ncl udi ng nenory cell addressing circuitry and nmenory
cell read circuitrfproneg a fieststnbssiséd esoatcd/desin egienadh thiee peri pher al
devi ces goinicdored wetiveg substraaeponat ed portions. 18. The nmethod of claim1l
conpri sing form ngotmén FRNBE Yo A8\t &Psibtor $EUde/ SR reglion lidghenenory. 16

semiconductive substrate;

forming a transistor channel that does not contain SiC between
the first and second source/drain regions; and
forming a storage node junction on the first source/drain region

and a digit node junction on the second source/drain region, the storage

node junction and/or digit node junction including one of the carbonated

portions and being formed on epitaxial silicon of the respective source/drain

region, the epitaxial silicon being elevationally above the channel; and

forming peripheral devices including memory cell addressing circuitry
and memory cell read circuitry over the substrate, at least some of the
peripheral devices not including the carbonated portions.

18. The method of claim 1 comprising forming the memory device in
DRAM, SRAM, or flash memory.
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